This study proposes an efficient and accelerated Intelligent Ray-Tracing (IRT) algorithm based on Binary Angle Division (BAD) technique for radio signal prediction in indoor area. The intelligent features of the proposed IRT can skip the processing of the unnecessary signals based on the invalid region and reduce the number of candidate objects (obstacles) as well as their edges while performing ray-object intersection tests, which can make the algorithm faster as well as more accurate. The obtained results are compared with the existing indoor ray propagation methods to prove the superiority of the proposed IRT technique in terms of both computational efficiency and accuracy of signal prediction.
Introduction
The use of wireless communication in indoor area associated with Personal Communication Systems (PCS) is exploding rapidly. Since practical measurements are interpreted as costly service for the consumer, there is an increasing demand for an efficient and accurate simulation-based tool that will facilitate the propagation prediction of radio signal in indoor environment [1] . Therefore, the purpose of this study is to introduce a highly accurate and very fast propagation prediction model, such as Intelligent Ray-Tracing (IRT) algorithm based on Binary Angle Division (BAD). The Ray-Tracing (RT) is used to predict the trajectory of the signal while triangular geometry is used to define the propagation path of the radio signal emanated from the transmitter. The BAD [1] equally divides the angular distance between two consecutive signals emanated from the transmitter to reduce the computation time. In contrast with [1] , the smart features of the proposed IRT involve skipping the processing of the unnecessary signals based on the invalid region and reducing the number of objects (obstacles) of the intersection test to make the algorithm faster and accurate in terms of signal prediction. The superiority of the proposed IRT is proved by comparing with other ray propagation models, such as RT [1, 2] and ray-launching [3, 4] . The design details including the results and analysis of the proposed IRT will be discussed in Sections 2 and 3, respectively. Finally, a conclusion will be presented in Section 4.
Procedure
In this study, the proposed IRT technique has been developed using C# 2008 under Microsoft Dot Net Framework 3.5. The C# is an object oriented programming language that can be easily used to perform an intersection test for a ray and an object.
For ease of understanding, this study considers two dimensional (2D) space for a typical indoor environment and presents a simple and accurate guideline for tracing the trajectory of the signal between the transmitter (T x) and the receiver (Rx) as shown in Fig. 1 (a) , where the co-ordinate system starts from the top left corner. For this case, a ray T xS1 launched at angle θ forms a triangle ΔT xA1S1 where A1S1 = H is the normal. Based on the triangular geometry, the value of H can be calculated by H = tan(θ) * (X value of T x). Thus, the end point of the ray T xS1 is S1(X, Y ) = S1(0, Y value of T x − H). Then, the nearest intersection point is R1, where the ray hits an edge of the object is calculated. Moreover, while doing intersection test, the unnecessary test for signal-object interaction can be ignored as shown in Fig. 1 (b) to accelerate the overall execution time as follows:
(i) From the current transmission point of the ray, divide the space into four quadrants and find all objects that are in the same quadrant with the ray. The lines from the transmitter (T x) refer to the rays. To check whether any object is in the first quadrant, make sure that only top right corner of the object is in the first quadrant. Again, to check whether any object is in the second quadrant, make sure that only top left corner of the object is in the second quadrant. Similarly, to check whether any object is in the third or fourth quadrant, bottom left corner or bottom right corner, respectively has to be in the corresponding quadrant. In this way, it is possible to reduce the number of objects while doing ray-object intersection tests.
(ii) An object can be considered as consisting of four edges including four corners. All edges of an object do not take part while doing ray-object intersection tests. For example, if an object is in the first quadrant with respect to the current component of the trajectory of the ray, then the possible edges for intersection test are the left and bottom edges. If top left corner of the object is in the first quadrant, then intersection between the left edge of the object and the ray is possible. Again, if the bottom right corner is in the first quadrant, then intersection between the bottom edge of the object and the ray is possible. Other edges (top and right) are ignored entirely. Based on this concept, all the valid intersections have been shown in Fig. 1 (b) . Here, vertical and horizontal dotted lines drawn from the position of the transmitter (T x) divide the space into four quadrants. The solid edges of the rectangular objects have taken part in ray-object intersection test and the dotted edges have been discarded. It is seen from Fig. 1 (b) that there are eight objects in the area. However, only three of them are selected for each quadrant with respect to the ray emanated from the transmitter and four edges out of 12 edges of three objects are taking part in ray-object intersection test.
This study divides the whole space into four quadrants where the size of each quadrant is 90 degree. To trace the signals originated from the transmitter, the proposed IRT algorithm based on BAD is applied for those four quadrants individually. As can be observed from Fig. 2 (a) , there are eight obstacles R1, R2, . . . , R8 (as reflectors). As in Fig. 2 (a) , Rx is in the first quadrant with respect to T x. Therefore, the proposed algorithm is applied on the first quadrant only to clarify its working principle. By launching two signals S1 and S2 from T x, a polygon consisting of the points S1, T x, S2, and C1 is formed. The next step is to check if there is any obstacle within this polygon and thus considers only one point of each object, e.g., top left corner; and determines if the point lies on the interior of the polygon. If there is any object on the interior of the polygon, the angular distance between S1 and S2 is divided equally by launching another signal S3. Consequently, two new polygons are formed for the regions S1T xS3 and S3T xS2, marked by A1 and A0, respectively where there is no object and no receiver exist within A0. Hence, A0 is marked as invalid region because all other signals within this area will be lost. However, the algorithm proceeds for the region A1 as there are objects within this area. The signal S4 is transmitted from the middle of the angular distance of the region A1 and the path of the signal S4 is followed until it passes away the propagation area. Here, the signal S4 reflects on four obstacles R1, R2, R3, and R4, respectively and finally, passes away the indoor area. Another signal S5 passes through the middle of the angular distance of the signals S3 and S4 and after reflection with the obstacles R1, R2, R3, and R4, passes away the propagation area. Here, the region A2 is covered by the paths of the signals S4 and S5 contains no object. Hence, A2 is also marked as invalid region as all other signals within this region will be lost. If the algorithm continues in this way, two significant signals S6 and S7 received by the receiver are found for the scenario of Fig. 2 (a) . A sample simulation of IRT is shown in Fig. 2 (b) , where the circles labeled by T x and Rx represent the transmitter and the receiver and the rectangles are working as obstacles. The radio signal prediction algorithm for an individual quadrant is as follows [1] : (i) Initiate the rays from the T x at angles Start and End and trace the paths until becoming weaker or passing away the indoor environment or received by the Rx after reflections with the objects (to trace the path of the initiated ray from the T x, follow the path tracing as well as path building procedure); (ii) If any ray is received by the Rx, consider it as a significant signal; (iii) Check the trajectories of the two signals emanated at angles Start and End , if they create valid polygon (if there is same number of reflections and corresponding reflectors are same, then the region covered by the paths of these two signals is a valid polygon); (iv) If the polygon is valid and there is no object within the polygon, skip the processing of all other signals within the angles Start and End , otherwise, continue to the next step; (v) Set Start = Start and End = (Start + End )/2 and go to the step (i); and (vi) Set Start = (Start + End )/2 and End = End and go to the step (i).
Results and discussion
To perform a fair comparison with the existing methods, a typical simulation environment of 10 different scenarios in Fig. 3 (a) has been used. Each simulation has been carried out between one T x and one corresponding Rx of same numbering. The numbers set as labels of T x and Rx in Fig. 3 (a) represent the number of scenarios. In Fig. 3 (b) , the simulated results of the existing RT algorithms ("Ray-Tracing 1" refers to [2] and "Ray-Tracing 2" refers to [1] ) along with the proposed IRT in terms of computation time have been presented and the proposed algorithm confirms the significant reduction of computation time from other algorithms. The proposed IRT algorithm identifies those objects that are in the same quadrant with respect to the current component of the path of the signal and have the possibility of being intersected with the signal. And, from those selected objects, only few edges of the objects are selected for ray-object intersection test. A comparison shown in Fig. 3 (b) is based on the computation time that considers 10 different scenarios as presented in Fig. 3 (a) . The time is recorded in milliseconds (ms) and it is observed that the proposed IRT algorithm gives higher computational efficiency of about 25.65% and 51.5% in average than the existing RT techniques [1] and [2] , respectively. Furthermore, the proposed IRT algorithm has been compared with the ray-launching algorithm [3, 4] in terms of signal prediction as shown in Fig. 3 (c) . Here, two degree arbitrary angular increment has been considered for the ray-launching algorithm and it is found that the proposed algorithm achieves 115% better accuracy in average in terms of signal prediction than the ray-launching algorithm for 10 different scenarios in Fig. 3 (a) .
Conclusion
In this study, a novel IRT technique has been proposed that outperforms the existing RT and ray-launching algorithms. The obtained results show that the proposed IRT takes lower average time of 221.4 ms for 10 different scenarios while the existing RT techniques take 297.8 ms and 456.5 ms, respectively. With respect to accuracy, the proposed method can predict higher number of signals (6.9 in average), while it is only 3.2 for the conventional ray-launching technique.
